The purpose of this study was to examine the aerodynamic and acoustic effects due to supraglottic compressions, which may be seen in some dysphonic patients. Canine larynges were prepared and mounted and vocal fold oscillations were generated and controlled by the flow of air through the glottis. Glottal adduction was accomplished by rotating the arytenoids with a suture passed behind the vocal folds to simulate lateral cricoarytenoid muscle action. Supraglottic medial and anterior-posterior compressions were accomplished by manual squeezing at the arytenoid level and alternating between the rest and compressed conditions. The raw data, including EGG, subglottal pressure, flowrate, and microphone signals, were recorded on a DAT tape and later digitized and processed with Matlab. A video image of the superior aspect of the larynx was recorded using a stroboscopic light during the whole experiment. Results indicated that the excised larynges oscillated better and easier without the false vocal folds, but generated louder sound with false vocal folds. Medial compression always resulted in increased subglottal pressure, decreased flow rate and most often increased the sound intensity, but decreased EGG closed quotient. Both of these compressions had negative effects on the amplitude of EGG signal, suggesting disruption of vocal fold contact Published by
INTRODUCTION
The laryngeal supraglottic structures (SGS) including the laryngeal ventricles, ventricular folds, and the epiglottis are multifunctional organs located above the vocal folds and are involved in respiration, swallowing, and phonation. The ventricular folds at rest are fully apart from each other (abducted) but they act as a valve and close the laryngeal lumen during valsalva, swallowing, coughing, and gagging (Pinho et al., 1999) . They compress medially or in the anterior-posterior direction during pressed voice and during normal production of glottal stops (Stager et al., 2003) . They are also used in production of low pitch drone and high pitch melody in throat singing (Lindstad et al., 2001 (Lindstad et al., & 2004 . However, excessive growth or adduction of the ventricular folds may result in unwanted vibrations that are linked to some voice disorders (Arnold and Pinto, 1960; Stager et al., 2001) . The abnormal adduction of the ventricular folds may cause a pressure build-up in the laryngeal ventricle (Alipour and Scherer, 2012) that influences the supraglottic and transglottal pressure and thus subsequently changes the vibration behavior of the vocal folds. In our previous studies (Alipour et al., 2007; Finnegan and Alipour, 2009 ) medial compression of the ventricular folds was examined in excised canine larynges. It was found that it caused increased glottal flow resistance and sound intensity. This is an extension of those studies and its purpose is to better understand the acoustic & aerodynamic contributions of the supraglottic structure during medial and anterior-posterior compressions. The canine larynx was chosen due to its dimensional similarity to human larynges in terms of supraglottic structure and large ventricle and its availability in the fresh form.
METHOD
Six excised canine larynges were obtained following cardiovascular research experiments at the University of Iowa Hospitals and Clinics. The larynges were removed from the animal after death, quick frozen in liquid nitrogen and stored in a -82 ºF freezer. The frozen larynges were later transferred to our lab freezer and stored until the day of the experiment. They were thawed in saline solution overnight in the refrigerator before preparation for the experiments. The gender and weight of the larynges are provided in Table 1 . Excised larynges were mounted and operated according to previous work (Alipour et al., 2007) .
Mean values of subglottal pressure and flow rate (controlled with a fine rotary valve) were read from a wall manometer and an in-line rotameter (Gilmont, model J197). The subglottal pressure signal was recorded using a pressure transducer (Microswitch 136PC01G1). The flow rate signal was recorded with a pneumatic flow meter (Rudolph 4700) and low-range pressure transducer (Validyne DP103) upstream of the humidifier (ConchaTherm ® unit, RCI Laboratories). The electroglottograph (EGG) signal was obtained by placing electrode plates from a Synchrovoice electroglottograph on the thyroid laminae (anterior side of larynx) during phonation.
Analog signals from the EGG, microphone, and pressure and flow transducers were recorded simultaneously onto a Sony SIR1000 digital tape recorder at a sampling rate of 40 kHz per channel. These recorded signals were later digitized using a 14-bit A/D converter (DATAQ Instruments). The signals were then converted to calibrated physical quantities in a MATLAB routine and used for the aerodynamic and acoustic analyses. Glottal adduction was achieved by rotating the arytenoids with sutures passed behind the vocal folds. Medial and anterior-posterior compressions were achieved by pressing the exterior of the epiglottis and false vocal folds in those directions in 1-2 second on-off cycles for about 10-20 seconds. The recorded signal was divided into 100-200 segments and the average pressure, flow rate, fundamental frequency, and pressure amplitude was calculated for acoustic and aerodynamic analysis. Table 1 , the canine larynges oscillated at subglottal pressure ranged from 5 to 30 cm H2O and flow rate of 110-1400 mL/s. The fundamental frequency was ranged from 66 to 283 Hz across 6 canine larynges Figure 1 shows a typical cycle of medial compression in canine larynx 4. During this compression the subglottal pressure (solid blue line) increases from an average value of about 10 cm H 2 O to about 16 cm H 2 O. At the same time the flow rate (dotted red line) decreases from an average value of about 420 mL/s to 350 m/s. The glottal flow resistance shows a major increase from 2.21 kPa/(L/s) to 4.73 kPa/(L/s). This compression can result in some changes in the frequency, but the trend for these changes was not consistent across all samples. The sound pressure level increased with medial compressions in 70% of the cases. Figure 2 shows an anterior-posterior (AP) compression in canine larynx 5. Unlike the medial compression, the changes in subglottal pressure (solid blue line) and glottal flow resistance are small and inconsistent. With AP compression the vocal folds shorten and become lax and glottal area may increase to allow a higher flow rate. As shown in the combined glottal resistance charts during both compressions (Figures 3 and 4) , the changes in glottal flow resistance during medial compression are significant (p=0.0003) and insignificant during AP compression.
RESULTS

As seen in
SUMMARY AND CONCLUSIONS
The aerodynamic consequences of medial compression of the ventricular folds are quite different from those of AP (anterior-posterior) compression. Medial compression has a much more significant impact, decreasing flow, increasing subglottic pressure and, subsequently, increasing glottal flow resistance. Alternatively, AP compression has little effect on pressure, flow, and resistance. Perhaps the greater effect of medial compression of the ventricular folds on glottal resistance is related to the observation that it is possible to occlude the airway with medial compression of the vocal folds, while AP compression alone changes the shape of the epilarynx but does not occlude the airway. Medial compression may be combined with AP compression during glottal stops for more effective airflow blockage.
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